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The year In review

JCSDA context and partners
Management and budget
Sensors and impact experiments
Radiative transfer modeling
System development

OSSE capability
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JCSDA partners

« NASA

— GSFC (GMAO and HSB)
« NOAA

=\ [

— STAR

— ESRL
 DoD

— AFWA
— NRL/Monterey
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Management

» Leadership transition
— New acting director

— Two new deputies (Fuzhong Weng, Michele
Rienecker)

— NESDIS senior scientist assigned to JCSDA for
ocean DA planning activities (Eric Bayler)

« Memorandum of Agreement appears close to
signing
* First JCSDA Executive Retreat June 2007
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JCSDA budget

JCSDA budget is stable; substantial growth
requested from FY2010 onward to support
NPOESS and GOES-R

FFO budget ~$1.8M/year
JCSDA computing ~$2.0M/year

Directed research/in kind support ~$10M/year

JCSDA SSC Meeting, UMBC May 30-31 2007



er radiances

GOES sounder radiances

GOES, Meteosat, GMS
winds

GOES precipitation rate
SSM/I precipitation rates
TRMM precipitation rates

SSM/I ocean surface wind
speeds

ERS-2 ocean surface wind
vectors

lite Data used in NWP

Quikscat ocean surface wind
vectors

AVHRR SST

AVHRR vegetation fraction
AVHRR surface type
Multi-satellite snow cover
Multi-satellite sea ice

SBUV/2 ozone profile and
total ozone

Altimeter sea level
observations (ocean data
assimilation)

AIRS
MODIS Winds
COSMIC

~33 instruments



Sensors and impact

experiments

AIRS

MODIS

Windsat

Quikscat

SSMI/S

COSMIC

METORP (IASI, ASCAT, GRAS, ATOVS ..)
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e per Six Hourly Analysis Cycle

Number of AIRS Channels

Data Category
Total Data Input to Analysis ~200x10° radiances (channels)
Data Selected for Possible Use ~2.1x10° radiances (channels)

Data Used in 3D VAR Analysis(Clear Radiances) | ~0.85x108 radiances (channels)
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Figure 1(b). 500hPa Z Anomaly Correlations for the GFS with (Ops.+AIRS) and without

(Ops.) AIRS data, Southern hemisphere, January 2004
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Figure 3(b). 500hPa Z Anomaly Correlations for the GFS with (Ops.+AIRS) and without
(Ops.) AIRS data, Northern hemisphere, January 2004
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the Antarctic peninsula are know to contribute to PSC Stajner I., C. Benson, H.-C. Liu, S. Pawson, N. Brubaker, L.-P. Chang, and L. P. Riishoj; Ice Polar heric Clouds from Assimilation of A heric Infrared Sounder Data, in preparation. Contact: ivanka@gmao.gsfc.nasa.g
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Result — average of 26 GEOS-5 AIRS forecasts vs.
26 GEOS-5 Control forecasts Slicte by 1Dsite o el
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g5_ctrl — Control (GEOS5) Average of 26 Five—Day Forecasts
g5_airs — Ctrl + AIRS SRT (GEOSS5)




AIRS radiance vs. retrievals comparison

One period (January 2003), three experiments:

* Control; including all observations used for routine operations:
radiosonde, surface, aircraft and satellite measurements

* AIRS-1; control + AIRS clear radiances (251 channels)

. QI%S-Z; control + AIRS Science Team temperature retrievals (v.

Assimilation system is GEOS-5, beta7p4; horizontal resolution 1 by 1
Ya degrees

* fv-model

* GSI analysis

- radiance-based system; AIRS retrievals assimilated as if they were
radiosondes

27 cases: five-day forecast every day at 00Z; verification carried out
against self and NCEP operational analysis (only NCEP shown here)

=G, Vignrnz, Aorll 2007



Anomaly Correlation
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Anomaly Correlation
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AIRS Temperature (

0.0z 506 hPa
F’--""‘f s )

==

228 232 236 240 244 248 252 256 260 264 268 272 231.8 2356 239.4 2432 247 2508 254.6 258.4 262.2 266 269.8 273.6
GeADS: COLA/IGES 2007-04-12-21:01 CeADS: COLA/IGES 2007-04-12-20:08

AIRS Temperature (deg K) 1/25/2003 0.0z 840 hPa

e =

o

Ry

2475 252 256.5 261 2655 270 2745 279 283.5 288 2925 297
2007-04-12-21:07 OLA/IGES. 2007-04-12-20:12
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Radiances Used in Analysis for Two Low Peaking Tropospheric AIRS Channels

Simulated (w Bias Correction) — Dhserved Th (k) ACUA AIRS 20030115 DOZ
¢ Assimilated  Accepted Global All Sfc,  All Day ges airsi

Channel 221 Freq 7127 om™ Mobs 2390 Awg. —0.15 Sid, 045

—2.35 —1.63 —0.391 —0.18 0.54 1.28 1.498

Simulated (w Bias Correction) — Observed Tb (k)  AQUA AIRS 20030115 0OZ
# Azsimilated  Accepted Global All Sfe, Al Day  ges  dirst

Channel 333 Freq 748.0 cm™ Mobs 1260 Awg. —0.12 Sid. 063

—2.32 —1.48 —0.68 013 1.01 1.85 2.58
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Channel Index 10094
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Simulated (w Bias Correctizn) — Observed Th "k} AQUA AIRS 20030125 002
** Acgimilated  Accepted Global All Sfc. Al Day ges  airsl

Channsl 221 Freq 7127 cm™ MNobs  1E7B Awg. —0L12 Std, 0.40

—1.34 —0.67 —0.01 058 1.33 Z.00 256

Simulated (w Bias Correction) — Observed Th (*k)  AQUA AIRS 20030125 00Z
= Assimilated  Accepted Global All Sfc. Al Day ges  airsl

=120 . 5 & 120 18

Channel 333 Freq 748.0 cm™ Mobs 743 Awg. —0.044 3Std. 058
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Observing system impacts on 24h forecast error
July 2005 00z Totals

25

20

15

Observation
Count (millions) 10

Error Reduction
(J/kg) 15

GEOS-5 Adjoint Data Assimilation System
Gelaro and Zhu 2006



Observing system impacts on 24h forecast error
July 2005 00z

Fraction of AIRS
observations that
improve forecast

Total monthly
impact of AIRS
observations
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Assessing impact of hyper-spectral observing systems: AIRS
00z Monthly Total 24h Error Reduction

July 2005
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Gelaro and Zhu 2006
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1 Jan - 28 Feb 2006

Units of impact = J kg’ Channel  Q0UTC Analysis

o Ch. peak near

" 4 5 6 ?’ - 11: 20mb

10: 50mb

Beneficial 2| e i

-4+ 8. 150mb

64 7. 250mb

»|  6: 350mb

ol B NOAA 15 | 5: 600mb

B NOAA 16 4: surface

:j B NOAA 18

Results suggest a problem with assimilation of ch 8 and 9
Likely sources are the operational bias correction and
insufficient model and analysis resolution




Data Assimilation

Use of NAVDAS Adjoint

Assessment of AQUA sensors
AMSU/A, AIRS longwave 14-13um,
AIRS shortwave 4.474pm, AIRS shortwave 4.180pm

AQUA sensitivity specified by channel number: Aug 15-26, 2006

i

Beneficial Non-beneficial




Building the case for a MODIS winds
follow-on

- NESDIS and GSFC collaborating on economic assessment of polar
winds impact

— “Orbit neutral” assessment of the expected economic impact of
having feature tracking winds (cloud and water vapor) available
over entire NH

— G. Dittberner, L. P. Riishojgaard, Mitretek

- Since both Molniya and MEO will provide increased coverage over
what is possible from LEO, the MODIS winds results can be used to
obtain a lower bound on the expected impact

— Hurricane track forecasting (NCEP/JCSDA diagnostics)
— Low-level temperature over the lower 48 (this study)
— Jet-stream forecasts (this study)

=G, Vignrnz, Aorll 2007



ATLANTIC BASIN

CANE TRACK ERRORS (NM)

9 [102.8 [157.1 |227.9|301.1 |Cntrl

11.4 134.8 160.4 [82.6 |[89.0 |135.3|183.0|252.0 |Cntrl +
MODIS

74 |68 |64 |61 |52 46 39 34 Cases
(#)

00-h [ 12-h |24-h |36-h |48-h |72-h [96-h |120-h | Time




500mb Geopotentiol Heights
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Anomaly Correlation
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Windsat impact experiments (Jung, Bi et al.)

Day 5 Windsat Assimilation Stati
1 Jan - 15 Feb 2004

= HE

nh 500 sh 1000

[ Control® QuikSCAT 0.L]Windsat 1.C]Windsat 0.3 wind & quil
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SSMIS Radiance Preprocessor

Unified SSMIS Radiance Preprocessor for NWP

Why is it Important ? NRL Collaborations

» Significant SSMIS Calibration Anomalies + SSMIS Cal/Val Team - Determined

uncovered during Cal/Val physical mechanisms responsible
for SSMIS Calibration Anomalies

= Calibration errors exceed accuracy - Met Office — SSMIS BUER Based

thresholds for NWP (~0.25K for

: Preprocessor
temperature sounding channels) P

+ JCSDA - Discussions about alternative

. Objective is to develop a unified radiance ~ NESDIS praproceano algorithms
preprocessor for NWP/JCSDA users to * ECMWF - Provides Analyses of T(p) to
correct for calibration anomalies 0.01 hPa ~ 80 km

[NSF F-15 SSMIS OB-BK Departures Gh. 4
« Implementation of unified SSMIS ‘E et e DGR e
Preprocessor at FNMOC for F-16 planne

for late summer 2007

* Data will be distributed via Shared
Processing Network

Tarr - aieTurs E'Il-pm"’.uq' [®]

13

0Eas, 033b 0581, 0.258

1.5x10t 2.0uid? i i
Start Scan Tme |sec)




sH 200 mb

diance assimilation in GSI

Sep. 2006 Assimilation System:
Height ( wave 1—20 AC ) GSI 3D-Var

.60

Forecast model:

NCEP Operational global model (Sep.2006)
Resolution:

T382L64

Data:

1 2

EXPC: Operational

Forecast day

+—+ EXPC
e—o EXPS

EXPS: Operational + UKMO SSMIS data
(removed flagged data)

Preliminary Results:

Improved A.C. 500 hPa height in the S.H.

Required further investigation on data quality




GSI/GFS Impact study with COSMIC

AYETACGE FO3 D0Z0 <0 EoCE COZ3oNON 2000
| ok Izl o ermes |=FQ0 s

® Anomaly correlation as a
function of forecast day for two
different experiments:

— PRYnc (assimilation of
operational obs ),

PRYc¢ (PRYnc + COSMIC
refractivity)

We assimilated around 1,000

COSMIC profiles per day

In general, the impact of the an S L0
COSMIC data will depend on the Lo +ﬁ

AVERAGE FOR DOZ01MOWZIO0E
SHOBGE me H=ight s

meteorological situation, model
performance, location of the
observations, etc.

JCSDA SSC Meeting, UMBC May 30-31 2007 from Cuccurull et al.




System development

* GSI now operational at NCEP (May 1,
2007)

 GMAO validating GSl-based system for
reanalysis; operations will follow shortly

« CRTM used by both EMC and GMAO;
tested at NRL/Monterey

JCSDA SSC Meeting, UMBC May 30-31 2007



“CRTM” Impact

500 mb Height Anomaly Correlation
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What about the future?

NRL/Monterey: NAVDAS-AR

GMAO developing “classical” 4D-VAR based
on GEOS-5 model adjoint

NCEP/EMC “simplified 4D-VAR”

Unclear what can and what cannot be
merged

JCSDA SSC Meeting, UMBC May 30-31 2007



NAVDAS-AR*

 NRL developed NAVDAS-AR, an observation space,
weak-constraint four-dimensional data assimilation
system

* We plan to transition to FNMOC for operational
implementation at the end of FY08

+ The adjoint of NAVDAS-AR is readily developed,
allowing for an assessment of the impact of observations
on forecast accuracy to be evaluate

« NASA is considering adapting NAVDAS-AR

* Accelerated Representer




Summary

« JCSDA is growing by almost any applicable
measure

— more than 100 participants in 2007 Workshop

« The number of satellite sensors being tested
and studied is growing

» Collaboration expected to be formalized
shortly

— realization is work in progress

JCSDA SSC Meeting, UMBC May 30-31 2007



